INTRODUCTION
The unreasonably high values of stress exponent n and activation energy Q that result from expressing the creep data of complex alloys, such as superalloys, by the conventional Bailey-Norton equation (I) can be reduced to levels that are compatible with current concepts of creep ( i.e. n-4,Qactivation energy for self-diffusion) by expressing the Bailey-Norton equation in terms of an effective b-a,), rather than applied stress 0 (2,3),
where f. is the minimum creep rate, RT is the thermal energy and A is a constant.
Some authors assume the validity of Equation 1 and treat o as an adjustable parameter to get optimum fit of data (by; others attempt to measure 0 independently by interpretation of transient creep beha%our (2, 5, 6) .
Although creep of engineering alloys is well described by Equation 1 (7) there is no consensus over either the physical significance of o0 or the validity of methods proposed to measure it.
Wilshire and co-workers (2, 5, 6) have pioneered an 1980 approach to the measurement of *P, termed by them a "friction" stress, involving the interpretation of strain transients following successive small reductions in stress. The sum of the periods of zero creep following each stress reduction CAt increases rapidly and o. is defined as the stress remaining on the specimen when CA-t+.
The simplicity of execution and interpretation of such experiments, where At is thought to be controlled by the kinetics of recovery of the dislocation substructure, has considerable attractions; however, the practicality of the method has been criticised because of the difficulty of extrapolation from the data to identify the asymptotic value of stress as IAt* (8, 9) .
In this paper an objective method of measuring IS~, from stress dip tests, based on concepts of recovery creep, will be described and tested with data for an experimental superalloy and an in situ composite.
o. will be determined as fuctions of temperature, stress and microstructural variables in these alloys and the results will be compared with theoretical estimates of strengthening in superalloys in order to identify the origins of oo.
THE MODEL AND ITS IMF'LICATIONS
The model extends the concepts of recovery controlled creep (IO) Although the curve appears to have flattened out at a value of OR -118 MPa within the timescale indicated, it extrapolates very slowly to a true asymptote at "R -101 MPa which may be identified with oo. The rate at which the asymptote is approached is dependent on the magnitude of u2b2/K, which has a value of 1.80 x 107N2smtn-4 for the 1173 K data shown in Figure 1 . This indicates that previous empirical methods of analysis will always overestimate uo. Moreover, the error introduced will be a strong function of temperature and is also likely to depend on uI. Consequently, care must be taken in attributing apparent variations in o. estimated by inspection of the experimental data, to functional dependenceson temperature and aI when they may be artefacts of the data analysis.
The consequences of by previous empirical methods in the time scale Fig.1 aR vs. At for y-y'-Cr3C2 of typical stress dip creep at 1173 K.
tests. Clearly substantial changes to the curves can result from variations of any of the three parameters and interpretation in terms of only a change in u. could be erroneous. RESULTS
The experimental data were obtained using the procedures given by Parker and Wilshire (5) and described in detail elsewhere (11) .
Measurements were made on (i) the y-y'-Cr3C2 Ai 11O'ii directionally solidified as described by Bullock et a2 (13) , are given in Table 1 . The kinetic constants n2b2/K for both alloys considered in this study are displayed as a function of temperature as Arrhenius-type plots (Fig. 4) This will occur when the equivalent stress due to the dislocation network aE exceeds the applied stress.
The procedure of monitoring the delay periods following successive stress reductions essentially characterises the recovery process and provides a measure of the rate of relaxation of the dislocation substructure in approaching a balance between the applied stress and the inherent resistance of the alloy to deformation. The practical lower limit to the detection of creep will determine how close the final stress approaches o. and, therefore, the experimental accuracy of the method when extrapolation procedures are not used.
The applied stress 0l leading to the minimum detectable creep rate $' may be expressed in terms of Equation 1,
Taking 6' = 10 -10 s-1 as characteristic of the resolution testing and values of ;'-"'?,""qg";t ,-I for y-y !-Cr3C* Q = 265 kJmol-' and , which are also typical of most nickel-base superalloys, likely errors in the measurement of a0 by previous empirical methods have been calculated and are listed in Table 2 as a function of temperature.
Clearly very substantial errors are introduced unless reliable methods of extrapolation beyond the data are used. The procedure described in this paper appears to go a long way to reducing these errors. and that leading to the highest deformation rate should dominate.
The threshold stresses associated with various particle-by-passing modes have been calculated by McLean (18) using parameters relevant to the alloys under consideration.
Comparison of co with the calculated flow stresses (Table 3) suggests that the friction stress in the superalloy arises from dislocation climb around y' particles, while in the y-y'-Cr3C2 composite the resistance to flow has components due to climb around y' particles and to bowing between carbide fibres.
Both models require that co be weakly dependent on temperature, principally through P. The present results for the y-y' superalloy confirm this expectation, whereas previous reports of a strong dependence of co on temperature may be a consequence of errors in the former methods of data analysis.
The strong variation in u. with temperature for the y-y'-Cr3C2 is a result of microstructural changes, involving the transfer of y' from the matrix to the carbide surfaces, that predominate at high temperature.
Consequently, the lower co at high temperatures is a reflection of a true weakening of the matrix. The results of stress dip creep tests on a superalloy and in situ composite are well described by'Equation 2 which has been derived using a model of recovery controlled creep, and which provides an objective method of measuring friction stress uO* 2.
In the superalloy co is relatively insensitive to changes in initial stress and temperature and appears to correlate with the flow stress for dislocation climb around y' particles.
3.
In the composite co varies with temperature and microstructural scale due to phase instabilities, and both dislocation climb around y' particles and bowing between carbide fibres contribute to co .
4.
The kinetics of recovery of both alloys, and available data for other nickel base superalloys, fit on a single Arrhenius-t pe p1o.t that indicates an activation energy of 265 kJ mol -?r .
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